Abstract : Objectives : Few reports are available concerning the prevalence of asthma among snow crab workers in Japan. The object of this study was to estimate the prevalence of asthma and wheezes among Japanese snow crab workers and their associations with exhaled nitric oxide (FeNO) and YKL-40. Methods : Forty-nine snow crab workers enrolled in this study, which was cross -sectional by design and was conducted using a translated version of the European Community Respiratory Health Survey questionnaire. The levels of FeNO and serum YKL-40 were measured between September and October 2014. Results : The prevalences of current asthma and wheezes were 10.2% % (95% % CI, 3.4 to 22.2) and 12.2% % (95% % CI, 4.6 to 24.8), respectively. There was no association between these prevalences and the duration of snow crab employment. Six subjects' FeNO levels exceeded 50 ppb, and nine subjects' levels exceeded 25 ppb. Twelve subjects' (25.5% %) serum YKL-40 levels exceeded 77.2 ng/mL, which was 2 standard deviations above the mean for healthy subjects. However, there were no significant relationships among the prevalences for asthma and wheezes, FeNO, and serum YKL-40. Conclusions : This study provides information concerning the prevalences of asthma and wheezes among Japanese snow crab processing workers.
INTRODUCTION
Occupational asthma (OA) is a substantial cause of occupational lung disease in many industrialized countries (1, 2) . Its prevalence has been difficult to establish with precision due, in part, to ambiguous definitions and diagnostic criteria, as well as challenging work settings and limited surveillance data. Generally, OA has been implicated in 9 to 15% of adult asthma cases (3 -6) . The clinical and pathologic features of OA do not differ from non-occupational asthma. OA investigations have the potential to provide beneficial information about the effects of genetic, environmental, and behavioral interactions in adult onset asthma.
Snow crab harvesting and processing is an important industry in Japan ; however, it is one of the most important causes of OA. It has been estimated that snow crab workers account for approximately 16% of all OA cases (7 -9) . The pathophysiology of snow crab OA is mediated through an immunologic mechanism involving an immunoglobulin E (IgE)-dependent mechanism (9 -12) . Specific IgE antibodies to crab meat and cooking water are induced by exposure to the crab proteins in dust, steam, and vapor that are generated by cleaning, steaming, boiling, washing, sawing, or crushing crab in processing plants (9 -12) . During these activities, crab proteins can become airborne and penetrate an individual's airways. Existing research on OA in general suggests that snow crab OA is likely to be significant (13, 14) . However, the socioeconomic impacts of snow crab OA have been poorly studied, especially in Japan.
Asthma is characterized by chronic airway inflammation, reversible airway narrowing, and airway hyperresponsiveness (15) .
Airway eosinophilic inflammation is one characteristic feature. Fractional-exhaled nitric oxide (FeNO) is a new method representing an eosinophilic airway inflammation that significantly correlates with sputum eosinophilia and asthma severity, instead of a sputum eosinophil count that is easily influenced by corticosteroid therapy (16) . YKL-40, also called human cartilage glycoprotein -39 (HC gp-39), is produced at many cell inflammation sites and is secreted from macrophages and smooth muscle cells (17) . In addition to FeNO, YKL-40 is associated with asthma severity, pulmonary function, and airway remodeling (17, 18) .
In Japan, few studies have estimated the prevalence of asthma and wheezes among snow crab processing workers using a standardized questionnaire. Additionally, recent technological developments have led to improvements in the handicraft production of snow crab processing. The current prevalence of asthma and wheezes among snow crab processing workers may differ from that experienced in the past. To determine the prevalence of asthma among Japanese snow crab processing workers, a cross-sectional study was conducted in Western Japan with a standardized questionnaire. We also measured pulmonary function, the levels of FeNO, and the amount of YKL-40 that replenished according to the diagnosis and severity of asthma.
MATERIALS AND METHODS

Study design
The primary outcome variable was the prevalence of asthma and
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Prevalence of asthma and wheezes among snow crab workers in western Japan : a cross-sectional study wheezes among Japanese snow crab processing workers. A crosssectional study was conducted using the European Community Respiratory Health Survey (ECRHS) questionnaire. We asked one snow crab processing company located in Sakaiminato City, Japan, to cooperate in this cross-sectional study. This company had 49 employees (15 male and 34 female) , and all employees agreed to participate in the study. Door to door surveys were conducted in 2014, from September to October. This study was approved by an institutional ethics committee (Ethics Committee of Tottori University, Approval Number 2061), and all subjects gave their written informed consent before participating.
Questionnaire
To evaluate asthma symptoms, we asked questions similar to those appearing in the ECRHS. The Japanese version of the onepage ECRHS questionnaire was prepared, and the first page of this originally two-page questionnaire was prepared for a Stage One repeat study (19, 20) . The validity of the questionnaire was guaranteed by first translating the Japanese version back into English (21) . The questionnaire items can be found at http : //www.ecrhs. org. In addition to assessing respiratory health, this questionnaire included demographic questions on age, gender, height, weight, and smoking history.
Whether a patient had ever experienced asthma that was confirmed by a doctor was assessed according to a positive answer to the question : "Have you ever had asthma?" (Q5), which was followed by : "Was this confirmed by a doctor?" (Q5.1). Current presence of asthma was defined according to the following criteria : [1] affirmative responses to Q5 and Q5.1, and [2] an affirmative response to the "Having at least one asthma-related symptom in the last 12 months" item (22) . The subject who answered affirmatively to at least one question out of Qs1 -4 was considered to have asthmarelated symptoms. If subjects had had asthma-related symptoms in the past that remitted, they were excluded from the current asthma category.
Measurement of pulmonary function and FeNO
Pulmonary function tests were performed three consecutive times with a dry spirometer (Spiroshift SP-350COPD, Fukuda Denshi, Tokyo, Japan), and the highest values were recorded. The following parameters were measured : forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), and predicted FEV1%. FeNO was measured using NObreath (Bedfont Scientific, Maidstone, Kent, UK), following American Thoracic Society/European Respiratory Society recommendations (23) .
Measurement of YKL-40
YKL-40 serum concentrations were determined using an enzyme -linked immunosorbent assay (ELISA) kit for human chitinase 3-like 1 immunoassay (R&D Systems, Minneapolis, MN, USA). Samples were run in triplicate and were read using an automated ELISA reader (Model 680, Bio-Rad, Philadelphia, PA, USA).
Statistical analysis
The results are shown as means!standard deviations (SDs). SPSS Statistics software (Japanese ver. 21.0 for Windows ; IBM Japan, Tokyo, Japan) was used for all statistical analysis. The prevalence of current asthma with 95% confidence intervals (CI) was estimated for all the participants aged 20 -69 years. Fisher's exact tests were performed to assess the differences in prevalence between males and females. Differences in YKL-40 and FeNO according to employment duration were analyzed by a Kruskal -Wallis one -way ANOVA. A t-test was performed to estimate the difference in YKL-40 between smokers and non-smokers. Associations among YKL-40 and FeNO levels were assessed using linear regression analysis. All quoted P values are two-sided, and the significance level was set at 0.05. Table 1 presents the characteristics of the subjects. The prevalences of current asthma and wheezes were 10.2% (95% CI, 3.4 to 22.2) and 12.2% (95% CI, 4.6 to 24.8), respectively ( Table 2) . None of the subjects were undergoing treatment for asthma or other respiratory diseases. Table 3 shows the prevalence of asthma-related symptoms. Table 4 presents the prevalence of wheezes according to total duration of employment as a snow crab processing worker. There were no statistically significant differences between employment duration in terms of current asthma or wheezes prevalence. Table 5 shows pulmonary functioning according to presence of current asthma and wheezes and the significance was not detected. Table 6 presents pulmonary functioning according to total duration of employment as a snow crab processing worker. There were no statistically significant differences in pulmonary functioning based on employment duration. Figure 1A shows the relationship between the levels of YKL-40 and the duration of employment. Two samples were missing YKL-40 measurements due to blood clotting. The levels of YKL-40 in subjects who had worked in this profession for more than 20 years were significantly higher than those in the !1 year -and 1 to 4 -year groups. In contrast, there were no significant differences between smokers and non-smokers (Fig. 1B) . Figure 2 shows the levels of 
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FeNO dividing into employment duration and demonstrates that no significant relationships were found between them. In five subjects who did not experience wheezes over the previous 12 months, FeNO levels exceeded 50 ppb. The FeNO levels of one subject who had experienced wheezes within the previous 12 months exceeded 50 ppb. In contrast, the FeNO levels of four out of six subjects who had experienced wheezes did not exceed 25 ppb. Figure  3 shows the relationship between the levels of YKL-40 and FeNO. No significant associations were found.
DISCUSSION
Asthma is a serious global health problem affecting all age groups (24) . Its prevalence is increasing in many countries. Certain occupational exposures are associated with asthma. Previous studies of occupational exposures among various groups of workers have suggested that asthma prevalence may be notably high among snow crab processing workers (7 -9) . However, few reports exist concerning the prevalence of asthma among snow crab processing workers in Japan. As far as we know, this is the first study to estimate the prevalences of asthma and wheezes among Japanese snow crab processing workers using a standard questionnaire. The prevalences of current asthma and wheezes among Japanese snow crab processing workers were 10.2% (95% CI, 3.4 to 22.2) and 12.2% (95% CI, 4.6 to 24.8), respectively. These data provide fundamental information concerning respiratory and public health among Japan's harvesting and processing workers. There have been few studies on the prevalence of asthma and asthma symptoms among Asian countries using a standardized questionnaire. Recently, Fukutomi et al. conducted a population-based cross-sectional study of the prevalence of asthma and wheezes by administering the ECRHS questionnaire to Japanese adults (19) . They found that the prevalences of asthma and wheezes among Japanese adults aged 27 -79 years were 4.2% (95% CI, 9.7 to 10.5%) and 10.1% (95% CI, 9.7 to 10.5%), respectively. The prevalences of asthma and wheezes among Japanese snow crab processing workers in this study were higher than those among other Japanese adults. Several studies have demonstrated that snow crab processing workers have a high prevalence of asthma and wheezes in Figure 1 . Biological parameter by duration of employment as a snow crab worker and smoking status.
A : YKL -40 levels by employment duration. Circle symbol : subjects with less than 1 year of snow crab worker experience ; square symbol : subjects with 1 -4 years ; triangle symbol : subjects with 5 -9 years ; inverted triangle symbol : subjects with 10 -19 years ; diamond symbol : subjects with more than 20 years. Open symbols indicate subjects in each group who experienced wheezes and gave an affirmative response to Q1. Closed symbols indicate subjects in each group who did not experience wheezes and gave a negative response to Q1. Bars represent the mean. Comparisons were made using a Kruskal -Wallis one -way ANOVA test, *p!0.05. B : YKL -40 levels by smoking status. Circle symbol : smoker subjects ; square symbol : non-smokers. Bars represent the mean. Comparisons were made using a t -test. Circle symbol : subjects with less than 1 year of snow crab processing experience ; square symbol : subjects with 1 -4 years ; triangle symbol : subjects with 5 -9 years ; inverted triangle symbol : subjects with 10 -19 years ; diamond symbol : subjects with more than 20 years. Open symbols indicate the subjects in each group who experienced wheezes and gave an affirmative response to Q1. Closed symbols indicate subjects in each group who did not experience wheezes and gave a negative response to Q1. Bars represent the mean. Comparisons were made using a Kruskal -Wallis one -way ANOVA. Western countries (7 -9) . The results of this study suggest that the occupational exposure in Japanese harvesting and processing may account for a substantial proportion of asthma experienced by snow crab processing workers.
YKL-40 is a chitinase -like protein that is released from neutrophils and macrophage (25, 26) . It is involved in inflammation, tissue remodeling, and host defense (25, 26) . It is also known to increase in the serum and lungs of patients with asthma and is correlated with asthma severity and airway remodeling (27, 28) . In this study, there were no significant differences between the YKL-40 levels of subjects with and without wheezes. However, twelve subjects in this study (24.5%) exceeded the mean YKL-40 serum value, which was 36.0!20.6 ng/mL in healthy subjects, based on the information from the ELISA kit for YKL-40 (www.RnDSystems.com), plus 2 SDs (77.2 ng/mL).
Additionally, YKL-40 in subjects who had worked in the industry for more than 20 years was significantly higher than in those who worked in the industry for less than 5 years. Studies have shown that the intensity of exposure according to duration and amount is an important determinant of sensitization and asthma caused by respiratory sensitizers (3). Snow crab is graded as moderate a moderate sensitizer based on evidence from the Royal College of General Practitioners' three -star system for rating OA caused by worksites (29) . Snow crab processing plants may present severe enough risk to be able to increase serum YKL-40 levels.
Based on the general recommendations of the recently published ATS Clinical Practice Guideline, if a FeNO-value is below 25 ppb, there is thought to be no steroid-sensitive inflammation present (30) . In contrast, a value greater than 50 ppb is likely to be associated with steroid-sensitive airway inflammation, which is substantially reflected in eosinophilic airway inflammation (30 -32) . It is also well acknowledged that smoking reduces FeNO (33) . Although five subjects did not experiencing wheezes, based on their questionnaire responses, their FeNO values exceeded 50 ppb. This suggests that their airways were inflamed. This inflammation could be associated with environmental exposure from the snow crab processing. Previous studies showed that FeNO did not have any diagnostic value in non-eosinophilic asthma (30) (31) (32) ; therefore, when a subject had a FeNO value smaller than 25 ppb, we were unable to exclude the presence of asthma.
Both YKL-40 and FeNO are useful biomarkers for asthma. However, the association with YKL-40 and FeNO in asthma remains unclear. This study was unable to find any significant relationship between YKL-40 and FeNO. In subjects who had a FeNO value less than 25 ppb, several subjects had high levels of YKL-40. In contrast, with the exception of one subject, all subjects with !25 ppb in FeNO fell below 77.2 ng/mL of YKL-40. The subjects in the present study can be classified by etiology into three groups : (1) low levels of both YKL-40 and FeNO ; (2) low levels of YKL-40, and high levels of FeNO ; and (3) high levels of YKL-40, and low levels of FeNO. These results may suggest that subjects with high levels of YKL-40 differ greatly from those with high levels of FeNO. Further study is needed to investigate the associations between YKL -40 and FeNO in snow crab workers.
The ECRHS questionnaire does not have a clear definition for current asthma. The studies using this questionnaire used various definitions of the term. The definition of current asthma used in the present study may lead to overdiagnosis, because none of the subjects were under treatment for asthma or other respiratory diseases. Certainly, there was the possibility that the subjects with current asthma had intermittent asthma ; therefore, the definition of current asthma may be fraught with ambiguity. This study estimated the associations of the prevalence of wheezes with employment duration and smoking. Our study was limited by its reliance on a questionnaire to diagnose asthma and asthma-related symptoms. This approach may have led to an overestimation of asthma prevalence.
This study had two major limitations. First, it did not perform immunologic testing such as a skin prick test or an assessment of specific IgE antibodies to snow crab allergens. A skin prick test carries with it a slight risk of anaphylaxis, so we chose to use a pulmonary function test and FeNO measurements. In addition, we took blood samples at the snow crab processing company. We must avoid taking health risks. We did not have adequate research funds to measure specific IgE antibodies in this study. Previous studies have found that immunological sensitization to snow crab allergens was significantly associated with asthma among snow crab processing workers (8, 10, 34) . Although this study was unable to estimate immunological sensitization to snow crab allergens, it can be said that this type of sensitization may be significantly associated with asthma among Japanese snow crab processing workers.
The second major limitation was the small number of subjects who participated in this study. For the most part, employers were unwilling to cooperate from fear of the occupational exposurerelated health concerns that might be brought to light as a result of our study. Actually, many chief executive officers flatly refused to cooperate with this study. Therefore, it was very difficult to recruit large numbers of subjects. However, as was the case with other studies, this one found that Japanese snow crab processing workers have a relatively high rate of asthma and wheezes compared to other Japanese adults. No other Japanese study has yet investigated the prevalence of asthma among snow crab processing workers. Additionally, as far as we know, this is the first study to assess the levels of fractional exhaled nitric oxide FeNO and YKL-40 among snow crab processing workers. This study may provide fundamental health information regarding OA in Japanese snow crab processing workers.
In conclusion, this cross-sectional study used a Japanese version of the ECRHS questionnaire to determine the prevalences of current asthma and wheezes among Japanese snow crab processing workers. As compared to other Japanese adults, Japanese snow crab processing workers have more than two times the risk of prevalent asthma.
